Summary. Heterogeneity between two haplotypes in linkage disequilibrium with DR3: B8, C4AQOBt,BfS,DR3 and B18,C4A3BQO,BfF1,DR3, with regard to age at onset of Type 1 (insulin-dependent) diabetes mellitus, was investigated in 325 unrelated French patients (146 males and 179 females, age at onset 1 month to 29 years) who were genotyped for HLA-A, B, C, DR and Bf and 225 of whom were typed for the C4A, B complement components. A subgroup of 82 patients and 75 control subjects were tested for DR[3 and DQ[~ DNA restriction fragment length polymorphism. The distribution according to age at onset and the mean ages at onset were compared between patients bearing B8, DR3 (n=58), B18,DR3 (n=62) or other DR3 haplotypes (Bx, DR3, n=70), the haplotype segments C4AQOB1,DR3 (n=41) or C4A3BQO,DR3 (n=52) and the C4 null alleles C4AQO (N=48) or C4BQO (n= 112) alone. The BS,DR3 haplotype, its smaller segment C4AQOB1,DR3 or C4AQO alone were associated with age at onset after 6 years (p<0.01, <0.08 and < 0.02 respectively); on the other hand, the B18,DR3 haplotype, its segment C4A3BQO,DR3 or C4BQO alone were significantly more frequent in patients aged less than 6 years at onset (t9< 0.02, < 0.01 and < 0.01 respectively). Accordingly, the mean age of onset was significantly lower in the latter compared with the former pattens (p< 0.02, < 0.02 and < 0.01 respectively). No age-related variation was observed in BX,DR3 patients and their mean age of onset was intermediate. The observed age distributions were sex dependent: that of C4AQO was mainly observed in males, that of C4BQO in females. Restriction fragment length polymorphism analysis in 37 patients and 32 control subjects positive for DR3 showed distinct patterns which correlated with DR3 and/or DQW2 borne by the B8 (n= 11) and the B18 (n= 18) haplotypes, respectively. BX,DR3 subjects exhibited either one or the other of these patterns. In the patients, the B18 associated fragments were found in most cases; whereas the B8 associated pattern was more frequent in the control subjects. These results provide evidence that a heterogeneous genetic background associated with two subsets of DR3 and/or silent alleles of the fourth component of complement could account for differences in the clinical expression of Type 1 diabetes.
It is still a controversial issue whether genetical heterogeneity in Type 1 (insulin-dependent) diabetes mellitus may be defined on the basis of various clinical characteristics associated with different markers of susceptibility [1] . Several studies have involved the age of onset of the disease, yielding conflicting results [2] [3] [4] [5] [6] [7] [8] .
The most widely confirmed association is that of early onset with the properdin factor B allele BfF1 [9] [10] [11] [12] . In a previous study [13] , we also have found a strong association with HLA-B18 but not with the B18,BfF1,DR3 haplotype, possibly because of the small sample size.
DR3 and DR4 have been reported to be associated with age at onset before 20 or 30 years [14, 15] , and in one study DW3 and DW4 were associated with onset that occurred before the age of 3 years [161. No agerelated associations have been described for DR3; however, no study so far has taken into account the heterogeneity of this serologically defined specificity. Indeed, two subsets of DR3, in linkage disequilibrium with the extended haplotpyes A1,B8,C4AQOB1,BfS and AW30,B18,C4A3BQO,BfF1, respectively, have been recently shown to differ with respect to DRI3 and DQ[3 DNA restriction fragment length polymorphisms in healthy subjects [171.
The biological significance of these haplotypes is still debated [18] . There is strong evidence that Type 1 diabetes is primarily associated with class II antigens, the association with other alleles borne by these haplotypes being secondary to linkage disequilibrium. Nevertheless, as long as it is not known which are the exact molecules involved in the susceptibility, the implication of products encoded by the other alleles of these haplotypes cannot be excluded. Namely, the null alleles at the C4A and B loci, C4AQO and C4BQO, could by themselves be implicated in the pathogenesis of Type 1 diabetes and other autoimmune diseases. A deficiency of these complement proteins, important for immune cytolysis of virus infected cells and for clearance of immune complexes, could favour triggering events and in this way influence the onset of the disease.
In order to clarify these questions, we have studied a large group of juvenile -onset patients genotyped for 7 loci of the HLA complex, including the complement factors Bf, C4A and C4B, some of them investigated at the DR[~ and DQ[3 DNA level, and we found heterogeneity between subsets of patients carrying the two DR3 haplotypes and between patients carrying C4A and C4B null alleles. 897 whole extended haplotype but stronger association with the disease (at least C4BQO,DR3) [18] .
We finally analysed the C4AQO and C4BQO alleles alone without taking into consideration HLA-B or DR alleles. Age-related associations were studied comparing the distribution of these haplotypes or complement factors according to four age-alL-onset groups: Group I: 0-5 years, group II: 6-10 years, group III: 11-15 years, group IV: > 15 years. Due to the predominantly paediatric recruitment in our hospital, the group of patients aged over 15 years at onset was very small (18 patients only). In addition, the mean ages at onset within each of the haplotype groups were compared. A sub-group of 82 patients was investigated for DNA restriction fragment length polymorphism (RFLP) using the Southern blot technique, as described elsewhere [22] . Digestions were carried out with four restriction enzymes (Eco RV, Hind III, Barn HI, Taq I) and hybridisations were performed with DR[3 and DQ[3 cDNA probes. The patients had been randomly selected among the whole patient group for their different DR allelic combinations and not for their particular haplotypes.
Among the 37 DR3 positive patients, the patterns were analysed comparing those who possessed the whole or part of the B8,DR3 haplotype (n= 11), the whole or part of the B18,DR3 haplotype (n= 18) or other DR3 haplotypes (BX,DR3, n = 8).
The distribution of age and sex in these groups was comparable to that in the larger groups analysed for the age associations. Seventy five healthy control subjects matched essentially for DR specificities were studied in the same way. There were 32 DR3 positive subjects. However, as only four of them possessed a B8 haplotype and one a B18 haplotype, the comparison with the patients' haplotype groups was not possible. Therefore, the comparison between patients and control subjects was carried out pooling all DR3 positive subjects.
Subjects and methods
A group of 325 unrelated French Type 1 diabetic patients, 146 males and 179 females, ages at onset ranging from 1 month to 29years (mean 9.1 years) were studied. The patients were Caucasians, living in the Paris area but originating from all parts of France. They have been consecutively ascertained since 1978 at the paediatric diabetic center of the Herold Hospital (Paris). One hundred thirty-three patients previously reported [13] have been included in this study.
All patients and their families were genotyped for HLA-A, B, C, DR and Bf as previously described [19] ; 225 patients were typed for the complement factor C4A and C4B alleles following the technique of Awdeh and Alper, as described [20, 21] . Haplotypes were unambiguously deduced in almost all cases. Two index cases in whom haplotypes could not be assigned because the parents shared the DR antigens were excluded. Further, in six cases homozygosity at the DR locus could not be confirmed due to the homozygosity of a parent; they were treated as true homozygotes. A total of 192patients (88 males, 104 females) were DR3 positive. Among these, the relationship between different DR3 haplotypes and the age of onset of diabetes was analysed.
Besides B8 and B18, associated with the complotypes BfS,C4AQOB1 and BfF1,C4A3BQO, respectively, no HLA-B antigens or complement factors showed significant linkage disequilibrium with DR3 [18] . Thus, we considered three groups of patients according to the kind of DR3 haplotype they possessed: a=BS,DR3 (n=58), b=B18, DR3 (n=62), c=Bx,DR3 (neither B8 nor B18, n= 70). Two patients bearing both a B8,DR3 and a B18,DR3 haplotype were excluded from the analysis. Another 13 DR3 homozygous patients were included in group a (2patients BS/B8, 2 patients BS/BX), in group b (1 patient B18/B18, 3 patients BaS/BX) or in group c (5 patients BX/BX).
In order to assess the respective contributions of the extended haplotypes, on the one hand, of the silent complement alleles either in association with or independently of DR3, on the other, we compared patients carrying the haplotype segments BfS, C4AQOB1,DR3 and BfF1,C4A3BQO,DR3
(referred to as C4AQO,DR3 and C4BQO,DR3) without considering the HLA-B alleles; indeed, these segments show as strong linkage disequilibrium with DR3 as the
Statistical analys&
Distributions of haplotypes and complement factors were compared using chi square tests and Yates corrections when required. Mean ages of onset were expressed as mean_+ standard error of the mean (SEM) and statistical significance was calculated using Student's t-test.
Results
The distribution of patients according to sex, age at onset and HLA-DR types is presented in Table 1 . No single DR allele or allelic combination showed any significant variation depending on tl~e age of onset of diabetes or sex (not shown). Table 2 shows the distribution according to age at onset of the BS,DR3, the B18,DR3 and other (BX,DR3) haplotypes. The distribution of the haplotype segments C4AQO,DR3 and C4BQO,DR3 and of the C4AQO and C4BQO alleles alone is also given.
The B8,DR3 haplotype was significantly less frequent in children who develope, d diabetes before 6 years, compared with older children (p<0.01). The C4AQO,DR3 haplotype segment and C4AQO alone showed very similar distributions as that of B8,DR3, although the age difference was not statistically significant for C4AQO,DR3. Note that the C4AQO allele occurred almost exclusively in association with DR3.
On the other hand, the B18, DR3 haplotype was significantly associated with younger age at onset (p<0.02, <0.01 and <0.01 for B18,DR3; C4BQO, DR3 and C4BQO respectively). It can be noted that N= Total number; n(C4) = number C4 typed; X Designs DR antigens other than 3 or 4; a Including probable homozygosity: 3/3or-, 4/4or- B8,DR3 ; C4AQO,DR3 and C4AQO: group I vs II +III + IV p < 0.01, < 0.08 and < 0.02 respectively; B18,DR3 and C4BQO,DR3 groups I + II vs III+ IV p< 0.02 and < 0.01 respectively; C4BQO: group I vs II vs III vs IV and group I vs groups II + III+ IV p< 0.01. Mean age of onset: B8,DR3 vs B18,DR3 and C4AQO,DR3 vs C4BQO,DR3: p< 0.02; C4AQO vs C4BQO: p< 0.01 none of the patients who developed diabetes after age 15 years possessed either B18,DR3 or C4BQO,DR3. The C4BQO allele was observed in the patients at the same frequency in the presence as in the absence of DR3. Associated or not with DR3, its frequency was highest among the youngest children (63%) and decreased gradually with the age of onset (33% among the patients aged over 15 years, p< 0.01, Fig. 1 and Table 2 ).
BX,DR3 haplotypes did not show any significant age related distribution. The mean ages at onset were significantly lower in the patient groups bearing C4BQO, C4BQO,DR3 or B18,DR3 compared with C4AQO, C4AQO,DR3 or B8,DR3 positive ones (p< 0.01, < 0.02 and < 0.02 respectively). The mean age of onset of BX,DR3 patients, was intermediate between that of B8 and BI8 positive patients. In DR3 homozygous patients, the mean age of onset (8.0 + 1.01 years) was slightly, but not significantly lower than that in DR3 heterozygous subjects (8.9+0.39 years) and so was that of 17 C4BQO homozygous patients (7.35 _+ 1.06 years) compared with that in C4BQO heterozygous ones (7.75 4-0.45 years).
The associations between the B8 and B18 haplotypes or C4 null alleles and age showed sex-dependent differences, as illustrated in Figure 1 , although the results have to be considered with caution due to the multiple comparisons carried out. Because of small sample size, groupe IV was excluded from this comparison. Significantly more boys were C4AQO positive compared with the girls among the children older than 6years at onset (p<0.01), and the association of C4AQO with age at onset was only observed in boys (10% in the 0-5 years old boys versus 36% in the older ones, p < 0.006; non-significant in girls). The same sexrelated distribution was found for B8,DR3 and C4AQO,DR3 (p<0.002 and <0.02, respectively, for boys aged 0-5 years versus < 6 years, non-significant in girls; data not shown). Conversely, female patients more often carried C4BQO or C4BQO,DR3 haplotypes, although the difference was not significant. However, the age-relationship with this allele was more pronounced in females (73% of the 0-5 years old girls carried C4BQO versus 47% of the older ones, p<0.015; non-significant in males).
The influence of female sex on the association between early onset and C4BQO was observed particularly in the case of C4BQO-non DR3 (45% in the gifts with onset before 6 years versus 22% in older ones, p< 0.01). The mean ages of onset were not significantly different between males and females in these haplotype groups, possibly because of small sample size.
RFLPs of DR[3 and DQ[~ genes in DR3 positive patients showed two distinct patterns which correlated with BS,DR3 and B18,DR3 (haplotypes a and b, respectively). Table 3 shows several fragments and groups of fragments (clusters) which differed between the two groups of patients and which did not correlate with any serologically defined specificity other than DR3, DRW 52 or DQW2. Particularly, a DRI3 Taq I 11.48 kb fragment was found in 88% of patients carrying the haplotype b but only in 20% of patients with haplotype a (p< 0.001).
Two DR[~ fragments (Hind III 2.60 kb and Taq I 4.12 kb) were increased in haplotype a compared with haplotype b positive patients (p< 0.04 and < 0.02 respectively). In each group of patients, a cluster composed of a DR[3 and a DQ[3 fragment was present in about half of the subjects while decreased or absent in the other group (p< 0.02 and < 0.002).
One patient was B18,DR3 homozygous; he possessed the cluster associated with haplotype b and none of the fragments associated with hyplotype a. Another patient was BS,DR3/B5,DR3 and carried the cluster associated with haplotype a, together with the Taq I 11.48 kb fragment. There was no pattern characteristic of patients bearing non-B8, non-B18 (non-C4AQO, non-C4BQO) DR3 haplotypes, most of whom exhibited the pattern encountered in the b haplotype group (7/8 Bx,DR3 patients possessed the DR[3 Taq I 11.48 kg band and only 3/8 the 4.12 kb band). Among the control subjects, the frequencies of these patterns differed from those among the patients. The small number of B8 and B18 positive patients did not allow comparisons between individual haplotype groups. However, the subject who carried B18,DR3 possessed the pattern associated with haplotype b and two out of the four B8 positive subjects possessed the pattern associated with haplotype a.
On the whole, the fragments and clusters associated with haplotype a were observed in the control subjects at greater frequencies and those associated with haplotype b at lower frequencies compared with the diabetic group (Table 3) . Statistical significant differences between patients and control subjects were found for the presence of three DR Four control subjects were DR3 homozygous. In one BS/B27 positive individual, fragments associated with both a and b haplotypes were found. The other three subjects exhibited only patterns characteristic of haplotype a.
Discussion
This study brings some evidence that not only the B18,BfF1 haplotype, as suggested in previous studies [9] [10] [11] [12] [13] , but also the silent complement factor allele C4BQO by itself characterise a particularly early-onset form of Type 1 diabetes occurring mostly before 6 years of age. Conversely, the B8, DR3 haplotype has been observed to occur more often in patients older than 6 years at onset.
The age of onset is of importance in the search for heterogeneity since it may reflect different aetiological mechanisms in patients, including age dependent viral susceptibility, according to different genetical background of immune responsiveness. Although DR3 as an entity has been reported to be independent of age at onset [15] , indirect evidence has suggested its heterogeneity. On the one hand, BfF1 and B18 are in linkage disequilibrium with DR3 [18, 23] -a haplotype more common in patients of Mediterranean than of Northern European origin [11] ; on the other hand, the B8,DR3 haplotype has been found increased in diabetic patients with associated autoimmune manifestations who usually develop the disease after 30 years of age [24, 25] .
Differences between B8,DR3 and B18,DR3 haplotypes with respect to DR[~ and DQ[3 restriction fragment length polymorphism have suggested a molecular basis for such heterogeneity, at least in the normal population studied [17] . In our study of a large sample of Type 1 diabetic patients from a homogeneous population in whom these two haplotypes occur at approximately equal frequencies, we were able to demonstrate that the age-related clinical heterogeneity associated with each haplotype correlated with heterogeneity at the DNA level. Patients and control subjects with non-BS, non-B18,DR3 haplotypes exhibited one or the other of these DR3 subsets. Interestingly enough, however, the majority of the patients possessed the pattern characteristic of the B18 haplotype which was decreased in the control subjects. This finding suggests a major role for this particular class II subset in diabetes, in accordance with the fact that the B18,DR3 haplotype, at least in the French population, shows much stronger association with the disease than the B8,DR3 haplotype [18] . If this particular DR3 molecule or a product of an associated allele had some direct influence on the age of onset, then the age of onset in BX,DR3 patients would be expected to be in accordance with the DR subtype. In our study, the number of these patients investigated for RFLP was not large enough to examine the correlation between the individual patterns and age of onset. This must be confirmed in larger studies, including in those populations in whom tlhe B18,DR3 haplotype is infrequent in diabetes.
At present, the question remains open which are the respective roles played by the class II products, the haplotypes in linkage disequilibrium or the complement factors, in the specific immune responses and their interactions with environmental and hormonal factors which could favour an earlJier onset of the disease. Among them sex-related influences could be common; and, in fact, such variations have already been reported [7, 16] , even though the nature and the mechanism of eventual sex related factors remain unknown.
A direct involvement of the C4 null alleles, mainly C4BQO, has been suggested by their role in immune defense. Charlesworth et al. [26] have recently demonstrated in young diabetic patients reduced serum levels of several complement proteins which partially, although not exclusively, depended on the presence of null alleles. This observation and our data which associate C4BQO by itself with young age of onset are in accordance with the hypothesis of a relationship between diminished protection against viruses due to a defective complement mechanism and early-onset diabetes, raised already several years ago [27] . The report on a 16-month old child [28] who suffered from an acute Coxsackie B5 virus infection of the pancreas contemporaneous with onset of diabetes and who was homozygous for BfF1,C4BQO may illustrate the potential importance of such a mechanism, at least in some cases.
Alternatively, C4 proteins may be involved in immune clearance mechanisms and in this way contribute to the pathogenesis of Type 1 diabetes as of other autoimmune disorders characterised by C4A and/or C4B null alleles [29, 30] .
